In this study, we investigated the structure, luminescence properties and morphology of 
Introduction
In the present time, white light-emitting diodes (w-LEDs) are being widely applied in the eld of lighting because of their excellent characteristics, such as good reliability, low power consumption, long lifetime, environmental friendliness and high luminous efficiency. [1] [2] [3] By combining a yellow emitting phosphor such as YAG:Ce 3+ and a blue LED, or by combining several different phosphors, w-LEDs can generally be fabricated. [4] [5] [6] [7] However, they may have disadvantages associated with complicated phosphors such as efficiency loss. Respectively, the exploration of developing single-phase phosphors is a relevant task. Energy transfer of a single-phase host is an effective way to obtain white light, for example, Sr 3 9 In our study, we tried to use single Dy 3+ doped phosphor to obtain white light in a more convenient manner than codoped ones.
There is an abundance of f-block energy levels in Dy 3+ with 4 f 9 conguration. Strong emission is possible over the visible range, 10 consisting of three predominant emission bands in the blue region of 470-500 nm, yellow region of 550-600 nm and red region of 600-700 nm generated by the 4 F 9/2 / 6 H 15/2 , 4 F 9/2 / 6 H 13/2 and 4 F 9/2 / 6 H 11/2 transitions, respectively.
11-13
Concentration of the Dy 3+ ion as well as pump wavelength can have a pronounced impact on the intensity ratio of the yellowblue emission (Y/B). This is due to the fact that the hypersensitive 4 F 9/2 / 6 H 13/2 transition has a strong intensity dependent on the host, whereas the 4 F 9/2 / 6 H 15/2 transition is less sensitive. 14 Thanks to this feasibility, the emission near white light is possible by adjusting the Y/B value. 15 30 There are two cationic sites in this compound, i.e., C 3 point symmetry in 9-fold coordinated 4f sites and C s point symmetry in 7-fold coordinated 6h sites. 31 Besides, numerous species of rare earth ions can be accepted in both sites. 32 In our previous studies, we have obtained emission-tunable (from blue to green) phosphor La 6 were ground and annealed at 1350 C for 4 h in the air atmosphere. As-synthesized samples were cooled to room temperature (RT) and ground to powders for structural and optical characterizations.
Characterization
The structural properties of synthesized samples were carried out by X-ray powder diffraction using an XD-3, PGENERAL, China, with Cu Ka radiation (l ¼ 0.15406 nm), in the 2q range from 10 to 70 , operating at 40 kV and 40 mA. Using a GeminiSEM 500 instrument for morphological characterization, the La 6 Ba 4 (SiO 4 ) 6 F 2 :xDy 3+ (x ¼ 0.12 mol) sample was examined by SEM. The photoluminescence (PL) and excitation (PLE) spectra of the samples were recorded with an F-4600 uorescence spectrophotometer (HITACHI, Japan) equipped with a photomultiplier tube operating at 500 V and a 150 W Xe lamp as the excitation source. Decay kinetics measurements were performed at RT using a Spectrouorometer (Horiba, Jobin Yvon TBXPS) with a tunable pulse laser radiation as an excitation source.
Results and discussion

Structure
The crystal structure and phase purity of the as-prepared phosphors were analyzed by XRD. In Fig. 1 Fig. 1 (c). The typical microstructure of the sample shows the inherent characteristic results from the solid-state reaction method. The particles are irregular in shape, and the synthesized and ground phosphor has a wide particle size distribution range from 1 to 10 mm. In Fig. 1(c) , the elemental mapping of LBSF: 0.12Dy 3+ phosphor is shown. In the nal product, the constituent elements La, Ba, Si, O, F and Dy are uniformly distributed over the whole observed area. Based on these results, the phosphor mostly can meet the fabrication requirements for w-LEDs. Furthermore, it is noticed that the particles are closely packed, which helps to prevent light scattering. Therefore, more efficient light output can be obtained.
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In addition, by using EDS for LBSF phosphor, we accomplished elemental analysis and have identied the elements, i.e., Ba, La, Si, O, F in the proportions as seen in the EDS spectrum, respectively. The elemental composition of the sample is shown in Table 1 .
Luminescence properties of LBSF:Dy
3+
At different Dy 3+ concentrations, we tested the luminescence properties of LBSF samples at RT. In Fig. 2 (a) and (b), the emission (l em ¼ 579 nm) and excitation spectra (l ex ¼ 353 nm) are displayed, respectively. The excitation spectrum shown in Fig. 2 Fig. 2(b) . It can be assumed that the small changes in the Y/B ratios are caused by structural changes near the Dy 3+ ions. [41] [42] [43] [44] The results show that the Dy 3+ ions occupy lower symmetry sites in the LBSF structure, as indicated by the XRD results.
Decay characteristics
In Fig. 3 , the uorescence decay curves of the Dy 3+ emission are shown for the LBSF:Dy 3+ phosphors, as excited at 350 nm and monitored at 573 nm. The decay curves can be properly tted by a second order exponential equation:
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in which I stands for the phosphorescent intensity. I 1 , I 2 are intensity constants, s represents the time, and s 1 , s 2 are the fast and slow lifetimes for exponential components. The ions, leading to concentration quenching at high dopant concentrations. In the energy transfer process, there could be quenching sites where the excitation energy dissipates, resulting in luminescence quenching. To check the concentration quenching mechanism, it is necessary to determine the critical distance (R C ) between the Dy 3+ ions. R C can be evaluated on the basis of the Blasse equation:
in which V is the volume belonging to the unit cell, x c is the critical concentration of Dy
3+
, N represents the formula units per unit cell. Taking appropriate values of V, x c , and N (10, 608.77Å 3 , 0.12, respectively) for LBSF:0.12Dy 3+ phosphor, R C is estimated to be about 9.89Å. Consequently, it is deduced that the exchange interaction contribution to concentration quenching effect is inefficient in the LBSF system since exchange interaction occurs when R C is smaller than 5Å.
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Therefore, in the case of Dy 3+ , the concentration quenching mechanism was dominated by the multipolar-multipolar interaction. This model of energy transfer between similar activators, as well as the relation between Dy 3+ concentration and the luminescence intensity is pointed out on the basis of Dexter theory. As given by the equation below, there is a relation between activator concentration (x) and luminescence intensity (I):
where x is the activator concentration, q is a multipolar interaction constant equal to 3, 6, 8 or 10 corresponding to the nearest-neighbor ions, which means dipole-dipole (d-d), dipole-quadrupole (d-q), and quadrupole-quadrupole (q-q) interactions, respectively, 52 and K and b are constants for each interaction at the same excitation. Exceeding the quenching concentration, we chose the LBSF:0.15, 0.18, 0.27, 0.3Dy 3+ samples for consistent emission intensity measurements at 484 nm. As seen in Fig. 4 , by the log(I/x) À log(x) plot, the value of q is determined to be 6.07 for the peak at 484 nm. Thus, for concentration quenching in the system under consideration, the dipole-dipole (d-d) interaction is dominant.
CIE chromaticity coordinate
As one of the important factors, the CIE, Commission International de I'Eclairage 53 1931, is widely used to ascertain the chromaticity coordinates and evaluate the phosphor performance. The chromaticity coordinates of LBSF:Dy 3+ phosphors with different dopant concentrations under UV excitation at 353 nm are listed in Table 2 . The LBSF:Dy 3+ samples on the CIE chromaticity diagram are shown in Fig. 5 . As evident, all LBSF:Dy 3+ samples are in the white region. Moreover, the point of LBSF:0.12Dy 3+ phosphor, (x ¼ 0.3206, y ¼ 0.3496), is very close to standard white light (x ¼ 0.334, y ¼ 0.337). 54 Hence, the present results imply that the LBSF:0.12Dy 3+ phosphor could have a likely application for white light-emitting diodes.
Temperature-dependent luminescence properties
For long-term operation, w-LED chip temperatures could increase up to 150 C, so, the thermal stability of the phosphors is one of the most vital issues for their applications in highpowered LEDs. 55 In Fig. 6 , the temperature-dependent emission spectra of the LBSF:0.12Dy 3+ phosphor excited at 353 nm is shown for the temperature range from RT to 250 C. The PL relative intensity decreases gradually with increasing temperature and it remains above 60% at 150 C, reecting that the prepared phosphor has high thermal stability. A plot of the luminescence intensity vs. temperature is shown in the inset of Fig. 6 . Currently, during the LED operation, due to the heat generated by the LED itself, the temperature is up to 150 C for photoluminescence intensity could be described with a modied Arrhenius equation: [56] [57] [58] IðTÞ
where I(T) is the intensity at temperature T, I 0 is the initial intensity, c is a constant, E is the activation energy between the bottom of the excited state 4 F 9/2 and its crossover point to the ground state 6 H 13/2 and k is the Boltzmann constant. For the present LBSF:0.12Dy 3+ phosphor, Fig. 7 gives evidence of the emission thermal quenching model tting line plotted as ln(I 0 / I) À 1 against 1/kT. As revealed by the tting with eqn (4), the activation energy value E is equal to 0.154 eV for the 4 
Conclusion
In conclusion, by using the traditional solid-state reaction method, the new feasible single-phased white light-emitting 
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